Summary Oxytocin is an evolutionarily highly preserved neuropeptide that contributes to the regulation of social interactions including the processing of facial stimuli. We hypothesized that its improving effect on social approach behavior depends on perceived sexual features and, consequently, on sexual orientation. In 19 homosexual and 18 heterosexual healthy young men, we investigated the acute effect of intranasal oxytocin (24 IU) and placebo, respectively, on the processing of social stimuli as assessed by ratings of trustworthiness, attractiveness and approachability for male and female faces. Faces were each presented with a neutral, a happy, and an angry expression, respectively. In heterosexual subjects, the effect of oxytocin administration was restricted to a decrease in ratings of trustworthiness for angry female faces ( p < 0.02). In contrast, in homosexual men oxytocin administration robustly increased ratings of attractiveness and approachability for male faces regardless of the facial expression (all p 0.05), as well as ratings of approachability for happy female faces ( p < 0.01). Results indicate that homosexual in comparison to heterosexual men display higher sensitivity to oxytocin's enhancing impact on social approach tendencies, suggesting that differences in sexual orientation imply differential oxytocinergic signaling.
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Introduction
The hypothalamic oxytocin system, in addition to releasing the hormone into the system via the posterior pituitary, projects to widespread brain areas including hippocampus, amygdala, and nucleus accumbens (Ludwig and Leng, 2006) . Findings in animals and humans consistently indicate a strong involvement of oxytocin in the regulation of affiliative and social approach behavior, including postpartum motherinfant bonding (e.g., Feldman et al., 2007) , the processing of social stimuli (e.g., Guastella et al., 2009; Domes et al., 2012) and the induction of sexual arousal (for reviews see Carter, 1998; Heinrichs et al., 2009; Panksepp, 2009; Bartz et al., 2011; Meyer-Lindenberg et al., 2011) . A promoting influence of intranasal oxytocin administration on trusting behavior was demonstrated in experiments assessing the participants' willingness to take social risks (Kosfeld et al., 2005; Baumgartner et al., 2008) . In accordance, experimental studies of couple interactions have indicated an enhancing effect of oxytocin on behaviors maintaining social ties (Grewen et al., 2005; Ditzen et al., 2009; Taylor et al., 2010; Ditzen et al., 2012; Scheele et al., 2012) .
The impact of oxytocin administration on the processing of facial stimuli as an essential feature of social interactions has been addressed in a number of previous studies. In imaging studies in male participants, intranasal oxytocin dampened the amygdala response to threatening social stimuli like negative facial expressions (Kirsch et al., 2005; Domes et al., 2007; Gamer et al., 2010) and attenuated the deterioration of ratings of likeability for male faces induced by aversive conditioning, likewise in parallel to a reduction in amygdala activation (Petrovic et al., 2008) . In contrast, increased amygdala activation in response to fearful faces was found in female subjects (Domes et al., 2010) . In a study focusing on the social appraisal of faces in subjects of both sexes (Theodoridou et al., 2009) , intranasal oxytocin administration increased the perceived trustworthiness and attractiveness of facial stimuli independent of the respective sex of the participant and the presented face, suggesting that the impact of oxytocin treatment on face processing is not modulated by the sexual attitude toward a facial stimulus. However, this conclusion remains preliminary as the study did not control for possible influences of menstrual cycle phase and hormonal contraception.
Against this backdrop and considering the strong sexual component of oxytocin's role in human physiology, the present study aimed at clarifying to which extent sexual orientation modulates the effect of oxytocin administration on face processing. In order to exclude confounding influences of sex differences unrelated to sexual orientation, we compared oxytocin effects between male participants with either homosexual or heterosexual orientation, rather than between heterosexual men and women. In response to female faces, heterosexual men and homosexual women in comparison to heterosexual women and homosexual men exhibit stronger activation of reward-processing thalamic and orbitofrontal structures, and this pattern is reversed when male faces are presented (Kranz and Ishai, 2006) . We therefore expected our approach to provide insight into interactions between oxytocin effects and sexual orientation toward men or women in general. Moreover, the ongoing discussion on the relationship between neuroendocrine factors and sexual orientation up to now has largely ignored the potential role of oxytocin (for review see Balthazart, 2011) . In detail, we hypothesized that oxytocin administration generally enhances the approach-related appraisal of faces, yet depending on sexual orientation, i.e., that heterosexual men rate female faces higher for attractiveness and approachability after oxytocin administration, whereas in homosexual men this effect is observed for male faces. In contrast, the effect of oxytocin on ratings of trustworthiness was expected to be independent of the face's sex and the rater's sexual orientation, assuming that oxytocin modulates facial processing subject to the sexual component involved.
Methods

Participants
Thirty-seven healthy young male volunteers were recruited on site (i.e., via the university's mailing list and word-ofmouth advertising), online (part-time job websites), and via gay media outlets. Participants were assigned to two experimental groups according to their sexual orientation as indicated by their mean scores across the dimensions 'sexual attraction', 'sexual behavior', 'sexual fantasies', and 'selfidentification' of the Klein Sexual Orientation Grid (KSOG; Klein et al., 1985) that categorizes sexual orientation from 1 (exclusively heterosexual) to 7 (exclusively homosexual). The homosexual and the heterosexual groups comprised 19 and 18 men, respectively. None of the subjects was on any medication and all relevant illness was excluded by clinical examination taking place within one week before the first experimental session. Groups were comparable regarding psychological and endocrine markers except for slightly increased serum testosterone concentrations in homo-as compared to heterosexual subjects (see Table 1 for group characteristics). Participants gave written informed consent to the study which conformed to the Declaration of Helsinki and was approved by the local ethics committee.
Design and experimental procedure
According to a 2 Â 2 experimental design, subjects of both groups participated in two conditions (oxytocin and placebo) that were spaced apart at least two weeks. The order of conditions was balanced across subjects and all experiments were performed in a double-blind fashion. Subjects were instructed not to eat or drink (except water) for 2 h before the experiment and not to ingest alcoholic or caffeinated drinks after 2000 h on the preceding day. Experimental sessions ( Fig. 1) started around 1600 h with baseline assessments of the control parameters mood, vigilance, memory function, and anxiety. At 1630 h, subjects were intranasally administered 24 IU oxytocin (0.6 ml Syntocinon 1 , Novartis, Basel, Switzerland) and placebo (0.6 ml vehicle containing all Syntocinon ingredients except for the peptide), respectively, at 6 individual puffs (volume 0.1 ml; 3 per alternating nostril) with 30-s intervals in-between. After intranasal administration, neuropeptides like vasopressin, a nonapeptide with high structural similarity to oxytocin reach the central nervous compartment within 10-40 min (Born et al., 2002) and 24 IU oxytocin are known from previous studies to reliably elicit psychosocial effects (Heinrichs et al., 2003; Domes et al., 2007; Theodoridou et al., 2009) . Forty minutes after substance administration and after a second round of mood ratings, subjects completed the PC-based face rating task and again rated their mood. The session ended with another assessment of the control parameters and the question which treatment the participants thought to have received.
Face rating task
The PC-based face-rating task comprised 20 faces (of 10 men and 10 women) with their gaze directed at the viewer, showing either a neutral expression (first part of the task, 20 facial stimuli) or happy and angry expressions (second part, 40 facial stimuli). All photographs were taken from the validated 'Radboud Faces Database' set (Langner et al., 2010) and had a resolution of 506 Â 650 pixels. During presentation of each face, participants were asked to indicate their agreement or disagreement with 8 itemized judgments on a scale ranging from 1 (I completely disagree) to 6 (I completely agree). The 8 items belonged to 3 categories, i.e., attractiveness (He/she is sexy-looking; this person looks very attractive to me; I think he/she is good-looking; McCroskey and McCain, 1974) , approachability (I would like to get to know him/her better), and trustworthiness (I think you can talk about everything with him/her; I think he/she is honest and genuine to others; I think you can build on him/her; I think he/she can keep a secret; Kassebaum, 2004) . Items were presented successively below the target face in randomized order. Ratings were made using keyboard number keys in a self-paced fashion with the target face being displayed until the final response was made. The stimulus sequence in each part of the task was pseudo-randomized, i.e. both sex and affect were not repeated more than three times in a row. Parallel versions of the task were used for the two conditions in a counterbalanced order. All values (mean AE SEM except for relationship status) were obtained during enrollment taking place within one week before the first experimental session except otherwise indicated. KSOG, Klein Sexual Orientation Grid (Klein et al., 1985 ; scores of 1 and 7 denote exclusively heterosexual and homosexual orientation, respectively); SCL-90-R GSI, Global Severity Index according to the Symptom Checklist-90-Revised (Franke, 1995 ; score reflects the severity of reported psychological strain); STAI, State-Trait Anxiety Inventory X2 (Laux et al., 1981) ; TSH, thyroid-stimulating hormone. Subjective well-being was rated on a five-point scale at the start of each experiment and averaged across conditions. Serum concentrations of testosterone and TSH were determined by electrochemiluminescent immunoassay (ECLIA, China Medical Technologies, Beijing, China). p Values derived from unpaired t tests except for relationship status (Pearson's chisquared test) and KSOG scores (Mann-Whitney U-test because of non-normal distribution).
Figure 1 Experimental procedure. After baseline assessments of control parameters at 1600 h, healthy young homo-and heterosexual men were intranasally (i.n.) administered oxytocin (24 IU) and placebo, respectively, at 1630 h. Around 40 min later, the PC-based neutral face rating task started with the presentation of a fixation cross for 1000 ms, followed by the presentation of a male or female face for 3000 ms. Each face was subsequently rated on a six-point scale according to attractiveness, approachability, and trustworthiness, respectively, in response to 8 itemized judgments presented in randomized order below the face.
Ratings were performed at self-paced speed. In the emotional part of the task that started around 1740 h, happy and angry versions of the neutral faces presented beforehand were rated.
(See text for further details.) Throughout the session, mood was rated and the experiment ended at 1800 h with another assessment of mood and further control parameters.
Measurement of mood, anxiety, vigilance and memory function
Self-reported mood was assessed on 5-point scales covering the categories good/bad mood, alertness/sleepiness and calmness/agitation (MDBF; Steyer et al., 1997) and on a checklist containing 123 adjectives assessing mood on 14 dimensions (EWL-K; Janke and Debus, 1978) . In addition, subjects rated their current feelings of happiness, stress, anxiety, tiredness and concentration on visual analog scales (VAS) spanning 10 cm and anchored at ''not at all'' and ''extreme.'' Self-perceived anxiety was also assessed with the 'state' section of the State-Trait-Anxiety Inventory (STAI-X1) containing 20 items (Laux et al., 1981) . For the examination of vigilance, subjects repeatedly performed a simple 5-min PC-based task (Diekelmann et al., 2011) . In this 5-min task, a red dot appeared at random intervals either on the left or the right side of the screen, and subjects were required to press the respective key as fast as possible, receiving immediate feedback in the form of the reaction time for correct responses or an error message. Mean reaction time was registered and adjusted for mistakes by adding the square root of the product of the mean reaction time and the number of mistakes. Short-term memory retention was assessed by means of the digit span task of the intelligence inventory HAWIE-R (Tewes, 1991) . In this task, spoken lists of digits with a length of two up to 9 digits are to be immediately repeated by the subject in a forward (first block) or backward manner (second block).
Statistical analysis
Analyses relied on analyses of variance (ANOVA) for repeated measures with the between-subjects factor 'sexual orientation' and the within-subjects factors 'treatment' (oxytocin/ placebo), 'judgment' (approachability/attractiveness/trustworthiness), 'sex of the facial stimulus' (male/female), 'affect of the facial stimulus' (happy/angry), and 'time' (for the control parameters) as appropriate. Significant interaction effects were specified by pairwise t tests. Supportive analyses of covariance (ANCOVA) included the covariates 'serum testosterone levels' and 'Global Severity Index scores of the Symptom Checklist-90-Revision' (SCL-90-R GSI; Franke, 1995; see Table 1 ) obtained at enrollment, corrected by the number of days between enrollment and the first experimental session. Data are presented as means AE SEM. A p-value <0.05 was considered significant.
Results
Face rating task -neutral faces
Overall statistical analyses revealed that oxytocin administration increased ratings for neutral faces exclusively in homosexual subjects (F (1,35) = 4.05, p = 0.05 for sexual orientation Â treatment), whereas across groups the effect of oxytocin treatment was not significant (F (1,35) = 1.41, p = 0.24). Homosexual participants rated in particular male faces as more approachable (t (18) = 2.21, p = 0.04) and attractive (t (18) = 2.08, p = 0.05; F (1,18) = 5.27, p = 0.03 for treatment homosexual ; Fig. 2A ) after oxytocin administration, while the appraisal of neutral female faces appeared to be less affected ( Fig. 2B ; t (18) = 1.78, p = 0.09 for approachability), although the sex of the presented faces did not significantly modulate the results (F (1,18) = 0.48, p = 0.50 for treatment homosexual Â sex). Ratings of trustworthiness were not affected by oxytocin administration in the homosexual group (all p > 0.40; Table 2 ). In contrast to the pattern observed in the homosexual subjects, in the heterosexual subjects oxytocin treatment did not affect ratings of male and female neutral faces in any of the three categories (all p > 0.26; Fig. 2A /B and Table 2 ). Independent of oxytocin treatment, ratings for neutral faces depended on the sexual orientation of the participants and the sex of the facial stimuli (F (1,35) = 6.86, p = 0.01 for respective interaction), with heterosexual participants giving higher ratings for female than male faces (F (1,17) = 32.24, p < 0.001 for sex heterosexual ). In the homosexual group, the sex of the facial stimuli was not relevant (F (1,18) = 1.42, p = 0.25 for sex homosexual ).
Face rating task -emotional faces
In accordance with the pattern found for neutral faces, oxytocin effects on the appraisal of emotional faces again centered on the homosexual subjects (F (1,35) = 6.22, p = 0.017 for sexual orientation Â treatment; F (1,35) = 3.62, p = 0.066 for treatment across groups), and were most pronounced for the approachability and attractiveness rating scales (F (1,35) = 4.24, p = 0.03 for treatment Â judgment). In the homosexual group, oxytocin administration increased ratings of attractiveness (all p < 0.03) and approachability ( p < 0.04) for male faces independent of the affective valence ( Fig. 2C and E), and moreover elevated ratings of approachability for happy female faces (t (18) = 3.03, p = 0.007; F (1,18) = 8.68, p = 0.009 for treatment homosexual ; F (1,18) = 0.57, p = 0.46 for treatment homosexual Â affect; F (1,18) = 0.12, p = 0.73 for treatment homosexual Â sex; Fig. 2D ), without affecting ratings of trustworthiness (all p > 0.09; Table 2 ).
In contrast to homosexual subjects, heterosexual participants generally showed no effects of oxytocin administration ( p > 0.21; Fig. 2C-F) with the exception of an oxytocininduced decrease in ratings of trustworthiness for angry female faces (t (17) = À2.70, p = 0.015; F (1,17) = 3.30, p = 0.087, for treatment heterosexual Â sex Â affect; Table 2 ). Exploratory analyses revealed that this effect was predominantly found in the singles of this group (t (6) = À2.95, p = 0.03; F (1,17) = 7.71, p = 0.015, for treatment heterosexual Â relationship status), whereas in the homosexual group, oxytocin effects generally did not differ between singles and subjects in a relationship (F (1,18) = 1.27, p = 0.28; F (1,35) = 6.18, p = 0.019 for treatment Â sexual orientation Â relationship status).
Across groups and experimental conditions, i.e., independent of oxytocin administration, happy faces generally received higher ratings than angry faces (F (1,35) = 67.73, p < 0.001 for affect). Also, emotional female faces were generally rated higher than emotional male faces (F (1,35) = 31.83, p < 0.001 for sex), with this pattern, as observed for neutral faces, particularly pronounced in heterosexual men (F (1,17) = 54.60, p < 0.001 for sex heterosexual ; F (1,35) = 10.89, p = 0.002 for sexual orientation Â sex) and focusing on ratings of approachability and attractiveness (F (1,17) = 10.69, p = 0.001), whereas the effect of the faces' sex was not significant in homosexual men (F (1,18) = 2.22, p = 0.15). In both groups, ratings of approachability and attractiveness were highly correlated in both experimental conditions and regardless of the affective valence of the presented faces, reaching values between r = 0.52, p = 0.001 and r = 0.84, p < 0.001. The differential effects of oxytocin treatment in homo-vs. heterosexual subjects on ratings of approachability and attractiveness for neutral as well as emotional male and female faces are summarized in Fig. 3. 
Independence of oxytocin's differential impact from group characteristics unrelated to sexual orientation
In ANCOVA models including the covariate 'testosterone', the observed pattern of oxytocin effects on the appraisal of neutral and emotional faces remained significant (neutral faces, F (1,35) = 4.14, p = 0.05 for treatment Â sexual orientation; emotional faces, F (1,35) = 7.51, p = 0.01). The same held true for the inclusion of the SLC-90-R GSI score reflecting the severity of reported psychological strain (F (1,35) = 4.30, Figure 2 Mean (AESEM) ratings of approachability (Approach.) and attractiveness (Attractive.) for (A/B) neutral, (C/D) happy, and (E/F) angry male and female faces, given by homosexual (n = 19) and heterosexual men (n = 18) after intranasal administration of oxytocin (24 IU; gray bars) and placebo (vehicle; white bars), respectively. Ratings of approachability refer to one and ratings of attractiveness to three itemized judgments regarding the presented face (see text) anchored at 1 (I completely disagree) and 6 (I completely agree). *p < 0.05 and **p < 0.01 for comparisons between conditions (t-tests). p = 0.046, and F (1,35) = 7.63, p = 0.009 for neutral and emotional faces, respectively). Also, analyses of oxytocin's effect on face processing that included the 4-level between-subjects factor 'recruitment' (mailing list, word-of-mouth, job websites, and gay media) ruled out a significant biasing effect of the individual recruitment strategy (F (3,35) = 1.94, p > 0.15 for recruitment; F (3,35) = 0.30, p = 0.82 for recruitment Â treatment), while the differential treatment effect was still evident (F (1,35) = 6.06, p = 0.02 for sexual orientation Â treatment).
Mood, anxiety, vigilance, memory, and treatment awareness
According to their VAS scores (Fig. 4) , homo-and heterosexual subjects did not differ at baseline regarding happiness (all p > 0.54), stress ( p > 0.96), and anxiety ( p > 0.52; p > 0.10 for respective comparisons between conditions).
Oxytocin administration had no effect on these measures (all p > 0.44 for treatment Â time), and there were no group-specific changes in these parameters over time (all p > 0.34 for group Â time). VAS scores of concentration and tiredness neither indicated differences between groups and treatment conditions (all p > 0.13). In accordance with the VAS, the MDBF and the EWL-K mood inventories indicated comparable values between groups during baseline (all p > 0.46 and p > 0.09, respectively) and post-treatment ( p > 0.22 and p > 0.50) and no signs of oxytocin effects ( p > 0.54 and p > 0.86, respectively). The 'state' scale of the STAI questionnaire corroborated the results of the anxiety VAS, indicating no differences between groups throughout the experiment ( p > 0.77) and no effects of oxytocin administration ( p > 0.52). Reaction times in the vigilance task ( p > 0.66) and working memory performance ( p > 0.36) were likewise unaffected by oxytocin treatment. Merely 13 of the 37 participants (35%) correctly guessed their respective treatment conditions (x 2 (2;N=37) = 0.51, p = 0.89), indicating that the participants gained no treatment awareness.
Discussion
We investigated the effect of oxytocin administration on social perception in homo-and heterosexual men, assuming that sexual orientation modulates oxytocin's impact on approach tendencies toward facial stimuli, i.e., that the hormone increases the social appeal of male faces to a greater extent in homo-than heterosexual participants, and vice versa. This hypothesis was confirmed in part, with oxytocin increasing ratings of attractiveness and approachability for male, but to a lesser extent also for female faces, in the homosexual participants. In contrast, no effect of oxytocin treatment on approach tendencies was observed in heterosexual subjects. Contrary to expectations, ratings of trustworthiness that were expected to be generally improved by oxytocin administration were decreased after oxytocin treatment with regard to angry female faces in heterosexual subjects, but otherwise remained unaffected. These results indicate a generally greater sensitivity to the effect of oxytocin in homosexual than heterosexual men. They add to the ongoing discussion on oxytocin's role in dyadic social interactions. Table 2 Mean (AESEM) ratings of trustworthiness for facial stimuli given by homosexual (n = 19) and heterosexual men (n = 18) after intranasal administration of oxytocin (24 IU; oxytocin) and placebo (vehicle). Mean effect on approachability ratings Figure 3 Averaged effects of oxytocin administration (expressed as differences between the oxytocin and the placebo condition) on ratings of attractiveness and approachability for neutral as well as emotional male and female faces in the individual heterosexual (white dots) and homosexual participants (black dots). Positive values indicate increased and negative values decreased rating scores, respectively.
Our finding that oxytocin treatment did not increase ratings of trustworthiness at first glance is at odds with previous observations of an improving oxytocin effect on trustful behavior (Kosfeld et al., 2005) , that, however, emerged in trust games involving monetary stakes and played in groups of participants without direct face-to-face interaction. To our knowledge, enhancing effects of oxytocin administration on ratings of trustworthiness for male and female facial stimuli as assessed in our set-up were only obtained in one further study in men and women, whose sexual orientation was not reported (Theodoridou et al., 2009) . Our results do not support this finding, neither in male heterosexual nor homosexual raters. Rather, oxytocin treatment decreased rated trustworthiness of angry female faces in heterosexual men. According to laboratory experiments in heterosexual couples, plasma oxytocin concentrations are related to positive communication, affiliation, and emotional support between partners (Grewen et al., 2005) . Also, oxytocin appears to generally increase positive behavior during a couple conflict (e.g., eye contact and Figure 4 Visual analog scale scores on the dimensions ''happy'' (A/B), ''stressed'' (C/D), and ''anxious'' (E/F) obtained in homosexual (n = 19; left column) and heterosexual men (n = 18; right column) before and after intranasal administration of oxytocin (24 IU; gray dots) and placebo (vehicle; white dots) at 1630 h (nose symbol), respectively. Scales spanned 10 cm and were anchored at ''not at all'' (0) and ''extremely'' (10) . Values are means AE SEM.
self-disclosure) in both men and women (Ditzen et al., 2009) and furthermore increases salivary alpha-amylase as a marker of sympathetic activity as well as emotional arousal in men (Ditzen et al., 2012) . Thus, rather than indiscriminately enhancing trustworthiness, oxytocin's influence here is essentially dependent on the context. Noteworthy, the effects of oxytocin administration on couple interactions were observed in long-standing monogamous couples, and recent research indicates that the effects of the hormone in men might depend on their relationship status: oxytocin administration to heterosexual pair-bonded but not single male subjects increased their respective tendency to avoid physical closeness to female strangers (Scheele et al., 2012) , suggesting that the hormone contributes to the maintenance of established relationships by promoting fidelity. In the present study, exploratory analyses indicated that after oxytocin administration, single rather than pair-bonded heterosexual males perceived angry (but not neutral or happy) female faces as less trustworthy. This pattern suggests that oxytocin might strengthen withdrawal tendencies particularly in single males confronted with unknown females expressing negative emotions because the avoidance of aversive social signals has greater relevance in potentially relationship-seeking than in pair-bonded men.
In line with our initial assumption, hetero-and homosexual subjects generally exhibited a differential response pattern, with heterosexual subjects giving higher ratings for female than male faces, whereas homosexual subjects rated faces of both sexes in a comparable fashion. The former finding is in accordance with neuroimaging studies indicating that reward-processing brain structures are more responsive to female than male faces in hetero-as compared to homosexual men (Kranz and Ishai, 2006) . In marked contrast to our findings in heterosexual subjects, in homosexual participants oxytocin administration enhanced approach tendencies toward facial stimuli independent of their affective expression. This increase in social approach tendencies was most prominent for male faces, although happy female faces likewise received significantly higher ratings of approachability in the oxytocin condition, which suggests that sexual aspects did not strongly affect oxytocin's improving impact on social approach tendencies in homosexual men. This conclusion is further supported by the strong correlation between ratings of attractiveness and approachability, indicating that both rating scales jointly assessed the social rather than sexual appeal of the presented faces. Also, in the homosexual subjects, no differential treatment effects were found for pair-bonded and single men. In accordance with previous findings (e.g., Kosfeld et al., 2005; Petrovic et al., 2008; Theodoridou et al., 2009) , mood and cognitive function were not modulated by oxytocin treatment, indicating that the hormone specifically acted on the processing of social stimuli.
The observed difference in oxytocin sensitivity between homo-and heterosexual men is a new finding that extends the literature on endocrine factors in sexual orientation (Balthazart, 2011) . While animal studies suggest that the intrauterine sex steroid milieu contributes to later-life partner preference (Phoenix et al., 1959; Bakker et al., 1993) , evidence for a sexual orientation-dependent regulation of the oxytocin system has not yet been found in animals or humans. Neuroimaging experiments have indicated increased responses to supposed human pheromones in the medial preoptic area of the hypothalamus of homo-in comparison to heterosexual men (Savic et al., 2005; Balthazart, 2011) , a brain region expressing moderate to high densities of oxytocin receptors (Gimpl and Fahrenholz, 2001) . In related studies, homosexual men (and heterosexual women) showed more widespread connections from the left amygdala than heterosexual men (and homosexual women), who displayed greater connectivity from the right amygdala (Savic and Lindström, 2008; Savic et al., 2010) . Considering that oxytocin administration has been observed to modulate amygdala responses to facial stimuli in a sex-dependent manner (Domes et al., 2007 (Domes et al., ,2010 , it might be speculated that differential oxytocin action on these brain structures mediates a more pronounced behavioral effect of the hormone in homosexual men, with increased social approach due to dampened amygdala-driven social avoidance.
In accordance with some studies (Brodie et al., 1974; Neave et al., 1999) but contrasting with others (Loraine et al., 1971; Savic et al., 2005) , homo-in comparison to heterosexual subjects displayed increased serum testosterone concentrations at enrollment. While interactions between testosterone and oxytocin in the regulation of social bonds are likely (van Anders et al., 2011) , it is assumed that androgen effects on social recognition are conveyed via vasopressin rather than oxytocin signaling (Bluthe et al., 1990 ; for review see Gabor et al., 2012) . Furthermore, our statistical control analyses do not support the notion that the effect of oxytocin treatment was modulated by factors such as testosterone and current psychiatric symptoms. The latter as well as self-reported mood, subjective well-being and perceived stress did not differ between experimental groups. Nevertheless, we cannot completely rule out that potential neurobiological group differences arising from earlier psychosocial experiences contributed to the differential response to oxytocin, especially when considering that 50% of gay men in Germany still report discrimination and victimization (European Union Agency for Fundamental Rights (FRA), 2013). From an evolutionary point of view, homosexual behavior has been suggested to contribute to survival by reinforcing same-sex alliances and thereby favoring reciprocal altruism and resource exchange (Kirkpatrick et al., 2000) . Enhanced sensitivity to oxytocin in homosexual individuals as observed here might be one neuroendocrine mechanism underlying such a behavioral strategy.
In sum, our finding that homo-in comparison to heterosexual men are more sensitive to the beneficial impact of oxytocin administration on self-rated approach tendencies toward facial stimuli indicates that sexual orientation is a critical modulator of oxytocin's regulatory role in social interactions. The conclusion that sexual orientation might imply specific differences in oxytocinergic signaling pathways should be further explored and also remains to be tested in women.
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